T h e early years o f Je rz y N e y m a n are k n o w n to us th ro u g h an ecd o te ra th e r th a n th ro u g h rec o rd . A m p lificatio n of th e few facts set o u t h ere m u st aw ait su b sta n tia l archival w ork, m ain ly in P o la n d an d in th e Soviet U n io n . F u r th e r in fo rm a tio n will be fo u n d in R eid (R 1 9 ) .# N e y m a n was b o rn on 16 A p ril 1894 at B en d ery , w h ich lies in M o ld av ia on th e b an k s of th e riv e r D n ie s te r a b o u t sixty m iles fro m its o u tle t in to th e Black Sea at O dessa. H e was th e son o f P o lish p a re n ts , C zeslaw N e y m a n a n d his w ife K a z im iera L u to slaw sk a. A fam ily tre e co m p iled by S tan islaw W arch alo w sk i (a m e m b e r of a b ra n c h of th e fam ily now living in B razil) goes back to a b o u t 1700. Je rz y N e y m a n a p p e ars on th is to g e th e r w ith a b ro th e r K a ro l, th ese tw o b e in g th e only c h ild re n o f th e couple ju s t n a m e d , a p a rt fro m tw o d a u g h te rs w ho d ied in infancy. T h e fa th e r C zeslaw N e y m a n is listed th e re as one o f th e n u m e ro u s c h ild re n (tra d itio n tells us th a t th e re w ere eleven sons a n d th re e d a u g h te rs) of H e rm o g e n e s S p la w a -N e y m a n , M a rsh a l of th e g e n try in th e d istric t of K an io w , w ho in tu rn is show n as one o f th e tw o sons o f S ebald S plaw a-N e y m a n , w hose w ife was a C hrzaszczew ska. H e re th e tre e stops; no dates of b irth s or d e a th s are given b u t th e n am es are g ro u p e d in to 50-year in terv als; th u s S eb ald N e y m a n is in th e 1700-1750 g ro u p , and Jerzy N e y m a n is in th e 1850-1900 g ro u p . T h e sam e tra d itio n m akes C zeslaw five years of age in 1863, so b o rn a b o u t 1858; he is also d e scrib ed as bein g th e y o u n g est of th e eleven sons, so th a t H e rm o g e n e s m ay have been b o rn a b o u t 1813. V ery ten ta tiv e ly , th ere fo re , we can th in k of S eb ald as b ein g b o rn say d u rin g th e p erio d 1753-1783, o r at any rate n o t earlier th a n th e very e n d o f th e sta te d p e rio d 1700-1750. T h e s e details will be im p o rta n t in w h a t follow s. A large co rre sp o n d en c e has been g e n e ra te d by m y e n q u irie s a b o u t th e prefix 'S p la w a '. All of Jerzy N e y m a n 's earliest scientific articles are p u b lish e d as by 'Jerzy S p la w a -N e y m a n ' or 'J. S. N e y m a n '. It has been p o in te d o u t to m e th a t th ese w ould have b een c o m m u n ic a ted by th e sen io r scien tist to w hom he was th e n resp o n sib le. As soon as he gained scientific in d ep e n d e n c e, and could su b m it his w ork d ire c tly to e d ito rs, he alw ays d escrib ed h im self as 'Jerzy N e y m a n ' or 'J. N e y m a n '. T h e 'S (pfaw a)' was d ro p p e d , and he d id no t care for it to be re fe rre d to. 'It is th e coat of arm s ', he said to m e testily and (I th o u g h t) o b scu rely on th e one occasion w hen I asked a b o u t it. T h is rem ark seem s to have given rise to a tra d itio n th a t 'S pfaw a' is a P olish prefix cognate w ith th e E n g lish suffix 'E s q u ire ' (in its strict sense, m ean in g 'a rm ig e ro u s '), b u t we now know th a t th is in te rp re ta tio n is w rong. I am g reatly in d e b te d to M ichael M aclagan, F .S .A ., R ic h m o n d H e ra ld of th e C ollege of A rm s, for clarifying the situ a tio n and p o in tin g m e in th e rig h t d ire c tio n for fu rth e r e n q u iries. H e fo u n d in th e Arm orial General of R ie tstap (R 20) th e follow ing e n try u n d e r 'N e y m a n n o r N e y m a n n -S p la w a ':
de gueulles, a deux bandes ondees casque couronne; cimier, un vol d 'argent.
T h e coat is illu stra te d by R ie tstap , and he fu rth e r n o tes 'en n o b le d 26 O c to b e r 1775'. T h e re is a sim ilar referen ce u n d e r 'N e y m a n ' in the H erbarz Polski of S tu p n ic k i-N ie sie c k i (R 21), b u t h ere th ere is no illu stratio n and no fu rth e r detail. F u r th e r searches led m e to O stro w sk i's Ksiega Herbowa Roddw Polskich (R 18) . T h is huge w ork co n tain s illu stratio n s o f a vast n u m b e r of P olish coats, w ith a valuable c o m m e n ta ry . T h e copy of th is book in the C a m b rid g e U n iv e rsity L ib ra ry is in co m p lete, b u t it has b een co m p leted in m a n u sc rip t, and the q u o ta tio n s w h ich follow com e fro m th e M S . ad d itio n s. T h u s th ere is an ink d raw in g (n u m b e r 3502) o f th e above coat (w ith crest, co n sistin g , how ever, of tw o w ings), listed as 'S p la w a '; it is show n here as an inset to th e p h o to g ra p h of Jerzy N e y m a n . B efore giving th e c o m m e n ta ry it is necessary to re m in d th e rea d e r of som e o f th e u n u su a l featu res of P olish h e ra ld ry .
F o r o u r p u rp o se s it will suffice to give w h at is p e rh a p s an o v e rsim p li fied acco u n t of an ex trem ely co m p licated situ atio n . R ou g h ly speaking, each P olish n o b lem a n has tw o in h e rite d nam es; one of these is w h at we sh o u ld call his su rn a m e (e.g. 'N e y m a n '), and th e o th e r is his Herb or arm orial nam e (e.g. 'S p la w a '). T h e Herb is also th e nam e of th e coat-ofarm s itself, i.e. of the actual device. It is fu rth e r th e nam e of w hat m ay be a very ex ten d ed 'c la n ' of related or unrelated fam ilies each one of w hich bears th is coat, or som e slight v ariatio n of it. T h e re is no necessary im p licatio n th a t the fam ilies w ith in th e Herb are d e scen d ed from a com m on ancestor, and in d eed co m pletely u n rela te d fam ilies could be and so m e tim e s w ere a d m itte d to a n d in c o rp o ra te d w ith in a p a rtic u la r Herb at th e tim e o f e n n o b le m e n t. O n e w ork on th e su b je c t (G u m o w sk i, RIO) lists 26 su ch H e r b -clans each c o n ta in in g m o re th a n 100 d istin c t fam ilies, an d m e n tio n s a p a rtic u la r H erb-clan c o n ta in in g m o re th a n 500 fam A n o th e r g eneral p o in t c o n c ern s th e ch arg es on early P o lish arm s. T o w e ste rn eyes th ese seem very stra n g e , a n d re m in d one o f m a s o n s ' or m e r c h a n ts ' m ark s; som e at least of th e m are th o u g h t to be o f ru n ic o rig in . L a te r su ch 'ru n ic ' ch arg es w ere 'filled o u t ' to rese m b le tra d itio n a l w e ste rn ch arg es, a n d th e n it becam e p o ssib le to d e sc rib e th e m u sin g the a c c e p te d lan guage o f w e ste rn h e ra ld ry .
W e now re tu rn to th e M S e n try u n d e r 'S p la w a ' in O s tro w s k i's w ork. T h is is 
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T h is is a rec o rd o f th e g ra n t o f a rm s to a n d e n n o b le m e n t of M a te u sz N e y m a n by S ta n islau s A u g u stu s, K in g of P o la n d , in resp ect o f his estate S ie ro slaw in th e P o z n a n d istric t, on 26 O c to b e r 1775. T h e e n try m akes it clear th a t M a te u sz N e y m a n is either b e in g g ra n te d a new coat S plaw a (as illu s tra te d ) w ith H erb-nam e S p law a, or is b e in g a d m itte d in to a p re v i ously ex istin g H erb-clan S plaw a. In e ith e r case he an d his d e sc e n d a n w o u ld s u b s e q u e n tly be k n o w n by th e ap p e llatio n S p la w a -N e y m a n . W e do n o t know it as a fact, b u t it seem s very p lau sib le th a t th is M a te u sz was th e fa th e r o f S eb ald . It now beco m es o f in te re s t to look for early o c c u rre n ce s o f th e Herb S p law a, b u t I have fo u n d n one. T h e r e are, h ow ever, tw o early referen ces (in R 22) w o rth n o tin g in th is co n n e ctio n . O n e refers to a m arria g e b e tw e en W . S p law ia of P o z n a n and D o ro ta S plaw ska; th e d ate is 1620. H o w ev er, 'S p la w sk i' is a fam ily -n am e a n d n o t a herb-nam e; its herb is 'L e liw a ' a n d th e a rm s are en tirely d ifferen t fro m th o se of S plaw a.
T h e o th e r referen ce is d a te d 1519, and is a p ro c la m a tio n by K in g S ig ism u n d I c o n c e rn in g th e e n title m e n t to n o b ility of th re e o f his m e rc e n a ry k n ig h ts in th e G ra n d D u c h y of L ith u a n ia . It is of in te re st because Joannes de Sptaw ye Posnaniensis, ju dex, o ccu rs am o n g th e sp o n so rs to g e th e r w ith 'm agnificus N ik o lau s de L u b ra n c z p a la tin u s '. F ro m th e d e sc rip tio n of Jo a n n e s we ca n n o t tell w h at his herb m ay have been; th e fo rm o f referen ce suggests th a t 'S p la w ia ' is here b ein g used as th e nam e o f an estate (again in th e region of P o zn an ). It a p p e a rs th a t a h e r b -nam e co u ld have m an y alte rn a tiv e d e riv a tio n s. T h u s it could be a w ar-c ry , it could actually describ e the p rin c ip al ch arg e on the coat (alth o u g h in th a t case it will never be obvious w hich gave rise to w hich), o r it could be a fam ily-or e sta te-n a m e . In fact th e Polish w ord 'S p la w ' d escrib es so m e th in g floating, and 'S p la w a ' can m ean a confluence of tw o rivers. T h u s it w ould be in te re stin g to look for an estate n e a r P o zn an and situ a te d b etw een tw o rivers at th e ir confluence.
W e can now su p p le m e n t the above general discu ssio n based on at least one or tw o solid facts, w ith fu rth e r b u t now anecdotal detail su p p lie d to m e by P ro fesso r E lizab eth S cott. She w rites as follow s.
'S p faw a-N ey m an was his official nam e in th e P olish book of n o b ility (in the second book he alw ays said, in d ic a tin g th a t his fam ily was n o t high up). T h e nam e is believed to have been aw ard ed for help in d efe n d in g a Polish city against the T e u to n ic k n ig h ts. T h e w o rd " sp la w a " is said to m ean " tw o riv e rs" , and these rivers are on th e coat of arm s of the N ey m an fam ily . ' It is n o t clear w h at p erio d of h isto ry is b ein g re fe rre d to h ere. If the reference is to th e b a ttle of G ru n b e rg , 1410, th e n p e rh a p s th e Spfaw acoat goes back to th at, b u t we have no evidence for th is. T h e o b serv atio n th a t the tw o silver w avy b e n d le ts in th e coat (on a red field) can be and w ere in te rp re te d as tw o rivers is m o st in te re stin g , and it m akes it clear th a t we m ay have here to do w ith a herb w hose nam e is a literal d e sc rip tio n of itself, as well p e rh a p s as a geographical d e scrip tio n o f an estate, and possibly also a m ilita ry recollection refe rrin g to a riv e r-b a ttle . L a ter, P ro fesso r S co tt told m e of a fam ily p h o to g ra p h -a lb u m b o u n d in a cover d e co rated w ith a rep e a tin g p a tte rn c o n ta in in g , in a lte rn a te cells, a re p re se n ta tio n of a sailing ship, and th e (reflected) S plaw a coat as p reviously describ ed . She also m en tio n s a n o th e r tra d itio n (som ew hat d isc o u n te d by N ey m an ) a b o u t th e floating of su p p lies across a river on a raft, to relieve a besieged P olish king.
A final c o m m e n t is th a t the wavy b e n d le ts in th e S plaw a coat could originally have been tw o 'p a ra lle l' zigzag lines of ru n ic c h a ra c te r, later 'filled o u t' to becom e b en d lets. T h is w ould give th e original coat a m o re ch aracteristically Polish ap p earan ce. B ut th a t is ju s t sp ecu latio n . P ro fesso r S co tt goes on to say th a t N e y m a n 's g ra n d fa th e r (th a t w ould be H erm o g en es) p a rtic ip a te d in an in su rre c tio n against R ussia in 1863. H erm o g en es was killed, his hom e was b u rn e d , and ten o f his sons w ere sent to Siberia. T h e elev en th and y o u n g est son, a b o u t five years o f age at the tim e, was N e y m a n 's fath e r C zeslaw . H e w as sp ared , b u t was fo rb id d e n to live in or to visit P oland. By 1894 he was p rac tisin g as a ju d g e in B essarabia, b u t six m o n th s after Jerzy N e y m a n 's b irth he was tra n sfe rre d to S im fe ro p o l' in the C rim ea, w here he died w hen Jerzy N ey m an was tw elve years of age. T h e fam ily th e n jo in e d M rs N e y m a n 's b ro th e r in K harkov. It is of in te rest th a t Jerzy N ey m an rev isited th is old hom e m any years later w hen he was in th e Soviet U n io n for a m eetin g of th e In te rn a tio n a l A stro n o m ica l U n io n , and m ak in g a to u r of th e o b se rv a to ries in th e so u th of th a t c o u n try .
It a p p e a rs th a t th e N e y m a n fam ily o w n ed e sta tes in th e U k ra in e , an d so th ey w o u ld have b een called 'e a ste rn P o le s' ra th e r th a n 'w e stern P o le s'. It is said th a t Je rz y N e y m a n 's 'e a s te rn ' P olish orig in w as q u ite ob v io u s to h is frie n d s in p re s e n t-d a y P o la n d , a n d th a t it w as reflected in his accent, in his ideas a b o u t P o lish cooking, a n d in his b e h a v io u r in g en eral. H is d e v o tio n to P o la n d and its c u ltu re and tra d itio n s w as very m ark e d , and w h e n his influence on sta tistic s a n d sta tistic ia n s h ad b eco m e w o rld w ide it w as fash io n a b le (an d still is) to say th a t 'we have all lea rn ed to speak sta tistic s w ith a P olish a c c e n t', so p e rh a p s it is w o rth w hile n o tin g ju s t w h a t k in d of a P olish accen t th is was.
J .N . (as I shall now call h im ) w as e d u c a te d as a m a th e m a tic ia n at th e U n iv e rs ity o f K h a rk o v , 1 912-16. A fter th is he becam e a L e c tu re r at th e K h a rk o v In s titu te o f T e c h n o lo g y w ith th e title o f C a n d id a te . W h e n sp eak in g o f th ese years he alw ays stre sse d his d e b t to S ergei B ern stein , a n d his frie n d sh ip w ith O tto S tru v e (later to m eet h im again in B erkeley). H is th esis was e n title d 'In te g ra l o f L e b e s g u e '. I do n o t know if it was ever p u b lis h e d in full; th e p a p e r ( I2 ) # seem s to have b een an e x tract. T h e r e is a copy o f th e th esis in B erkeley. D u rin g th e tu rb u le n t years th a t follow ed J .N . w as a rre ste d as an enem y alien, a n d late r fo rcib ly se n t to P o la n d in an exch an g e of p riso n e rs. T h u s th e ra n d o m fo rtu n e s of w ar forced J .N . to leave th e lan d of his b irth and take u p resid e n ce in th e land of his fath e rs, and th ese sam e ev en ts also caused h im to a b a n d o n a ca re e r in p u re m a th e m a tic s and tu rn to statistics.
A t first in W arsaw J .N . w o rk ed in association w ith S ie rp in sk i on th e L e b e sg u e in teg ral and related to pics, b u t w h at he n eed ed was a jo b , and in 1921 he fo u n d one as sta tistic ian in the In s titu te of A g ricu ltu ra l R esearch at B ydgozscz, halfw ay b e tw e en P o zn an and G d a n sk . L a te r he m oved to W arsaw as H e a d of th e B io m etric L a b o ra to ry in th e N en ck i In s titu te . H is w ork in P o lan d lasted u n til 1934 (by w hich tim e he ran k ed as a D o c e n t), an d in c lu d e d som e association w ith th e U n iv e rsity of C racow w h ich I have n o t b een able to trace. T h is was th e year of his a p p o in tm e n t first as special le c tu re r and th e n as R ead er in S ta tistics at U n iv e rsity C ollege L o n d o n , and from th e n o n w a rd s his c areer developed in th e U .K . and later in th e U .S .A . B ut he m ad e rep e a te d visits to P o lan d w h ere he h ad m an y frie n d s, w h ich he deeply loved, and w h ere he was resp e c te d w ith g rea t and in creasin g affection. S om e o f us re m e m b e r w ith in ten se p leasu re th e 80th b irth d a y p a rty (R 4) offered to him by the M a th e m a tic a l In s titu te of th e P olish A cadem y of S ciences in 1974, on w h ich occasion he becam e an h o n o ra ry D .S c . of W arsaw U n iv e rsity , possibly the one of his n u m e ro u s h o n o u rs th a t pleased h im th e m ost. T h e p h o to g ra p h illu stra tin g th e p re se n t m em o ir was taken on th a t occasion. P ro fesso r M . S. B a rtle tt, F .R .S ., in a later section gives a d etailed a cco u n t of the U .C .L . years, and of N e y m a n 's in te rac tio n w ith E. S. P earso n , F .R .S ., and R. A. F ish er, F .R .S . B ut th e re was also, and first, an in te rac tio n w ith K arl P earso n , F .R .S .; I rec o u n t th is in cid e n t as I h e a rd it from J .N . him self.
It was m ade clear to N e y m a n th a t his visits to L o n d o n and P aris, first on a Polish g o v e rn m e n t fellow ship in 1924/5, and th e n as R ockefeller F ellow in 1926, w ould m ake or b reak his re p u ta tio n as a sta tistic ian in P o lan d , and th a t it was vital for his fu tu re career th a t he sh o u ld c arry back w ith him th e seal of K .P .'s ap p ro v al. J .N .'s know ledge of E n g lish at th a t tim e was p oor, and th e tw o m en could only c o m m u n ic a te w ith difficulty. K .P . su ggested to h im th a t he sh o u ld stu d y th e statistical d e p e n d en c e of th e sam ple variance s2 on th e sam ple m ean J .N . rep lied 'I have solved th a t p ro b le m already; I d id it in P o la n d '. K .P . was d e lig h te d and in sisted th a t an E n glish tra n sla tio n be p re p a re d and p u b lish e d in Biometrika (111). B ut th e tra n sla tio n w as fo u n d to be lin g uistically unaccep tab le. 'See h e re ', said K .P ., 'you m u st n o t say th a t in ce rtain circ u m stan c e s s2 and m are independent,the w ord we use in E n g la n d is '. T h is led at once to a severe b reach , a n d for som e tim e J .N . was in deep disgrace, and convinced th a t his fu tu re as a sta tistic ian was d o o m ed . In d e sp air he tu rn e d to J. O. Irw in , w ho co n triv ed w ith th e assistance of E .S .P . to placate K .P ., and th en to explain to h im th e nice d istin c tio n th a t was in te n d e d . O ne m o rn in g after this, K .P . cam e in to the L a b o ra to ry w ith th e M S . p a p e r in his h a n d and said 'Y ou re m e m b e r I to ld you th a t y o u r E n glish is d read fu l; you m u st no t use th e w o rd independent, w h at you m u st say is th a t in these circ u m stan c e s s2 and m have a jo in t d istrib u tio n w hich can be facto red in such a way th a t . . . '. J .N . liked to call th is sto ry 'H ow D r. Irw in saved m y life', b u t I have alw ays felt th a t, w hile we m u st be g rateful to Irw in for b rin g in g it ab o u t, th e reconciliation b etw een the tw o m en reflected equal c re d it on each of th em . In later years J .N . was to strive for a sim ilar reco n ciliatio n w ith R .A .F ., b u t th a t was n ever to be achieved.
T h e m arvellously p ro d u ctiv e p erio d at U .C .L . is fully d e scrib ed by P ro fesso r B artlett; we m u st take up the sto ry again in 1938 w h en J .N . left the U .K . for th e U .S .A ., and U .C .L . for B erkeley. I have seen it stated som ew here th a t J .N . had th e choice of tw o offers from the U .S .A . at th a t tim e. O ne was to B erkeley, w here no statistics activity existed, and the o th e r was to a n o th e r p restig io u s in stitu tio n w here th e su b ject was already richly developed. As we all know , J .N . chose B erkeley as a place w here he could b u ild a d e p a rtm e n t along his ow n lines; w hat em erg ed was the S tatistical L a b o ra to ry to w hich all statistical m ag n ets now p o in t.
B oth J .N . h im self and som e of his colleagues have w ritte n a b o u t th e B erkeley years (1160, R15, R16) b u t none o f these articles gives m u ch detail a b o u t th e b u ild in g u p o f th e L a b o ra to ry . I h o p e th a t th is om issio n will be re p a ire d in one o f th e n u m e ro u s o b itu a rie s now no d o u b t b ein g w ritte n . W h e n I w e n t to B erkeley in 1953 th e task w as c o m p lete; it w as a lre ad y e ig h t years since th e first o f th e six fam o u s B erkeley S y m p o sia, a n d one knew th a t one w as v isitin g 'th e w o rld h e a d q u a r te r s '. T h e S y m p o sia h ad alre ad y e sta b lish e d a b e a te n tra c k to B erkeley, a n d one th a t w as o p e n to e v ery o n e to tre a d b ecau se J . N . 's large collectio n o f p ro je c ts fu n d e d by p u b lic b o d ies m e a n t th a t finance w as n e v e r an o b stacle. T h e s e p ro je c ts w ere a lm o st e n tire ly p ro b le m -o rie n te d ; I do n o t th in k any w ere c o n c e rn e d w ith statistical th e o ry in th e a b stra c t. T h e b e st k n o w n w ere on c lo u d -s e e d in g , on th e b io m e tric s o f p o p u la tio n g ro w th (especially T o m P a r k 's b eetles), on a c cid e n t sta tistic s, on c a n ce r p ro b le m s, and on th e s ta tistic s of th e d is trib u tio n of th e e x tra -g a la c tic n e b u la e . So every one co u ld be fitted in so m ew h ere; I re m e m b e r th a t I once v isited B erkeley as a 'c a n ce r e x p e rt', an d th e n once again as an 'a s tro n o m e r'. I t was ra th e r like m y 1952 visit to P rin c e to n as a 'sm a ll-sa m p le e x p e rt'; 'T h a t 's all r ig h t', said S am W ilks, 'sto c h a stic p ro cess th e o ry is a b o u t sam ples o f size o n e . ' O n ce th e re , a v isito r to B erkeley w o u ld have a g rea t deal o f freed o m a n d co u ld w ork on a n y th in g he pleased, p ro v id e d th a t he loyally p a rtic ip a te d in su ch S .L . activ ities as feasts o f P o lish sp le n d o u r, w eekend v isits to th e H ig h S ie rra , a n d trip s to th e L ick O b se rv ato ry . J .N .'s in v o lv e m e n t w ith a stro n o m y w as an im p o rta n t p a rt of his life a n d m ay have b een associated w ith th e influence o f th e S tru v e fam ily in K h a rk o v days. I am very fo rtu n a te in th a t P ro fe sso r T . L . Page (m y ow n first m e n to r in a stro n o m y ) has k in d ly c o n sen te d to w rite a b o u t th is in section I I I .
A n o th e r e n th u sia sm w h ic h p lay ed an im p o rta n t role in J .N .'s life w as c o n c e rn e d w ith th e a d v a n c e m e n t o f sta tistic s (an d of sta tistic ian s) in th e less fully d ev elo p ed c o u n trie s, and th is led to an e n o rm o u s range of in te rn a tio n a l scientific c o n ta c ts at all levels. O n th e w hole I th in k J .N . en jo y ed b est talk in g to th e very y o u n g e st stu d e n ts, b u t he also enjoyed tak in g on th e to p b rass o f th e In te rn a tio n a l S ta tistica l In s titu te , an exclusive academ y o f esta b lish e d p ro fessio n als (based in th e N e th e rla n d s ) w hose coverage of th e su b je c t is now fully rep e se n ta tiv e , b u t w as n o t alw ays so.
T h e I .S .I . sta tu te s did, how ever, p e rm it th e cre a tio n of d a u g h te r sectio n s, w ith open m e m b e rs h ip , associated w ith p a rtic u la r geog rap h ical g ro u p in g s or w ith p a rtic u la r b ra n c h e s of th e su b je c t, and J .N . set h im se lf th e task of c re a tin g one of th ese w h ich co u ld p ro v id e a h om e for m ath e m a tic a lly m in d e d sta tistic ian s as well as for th o se c o n c ern e d w ith th e scientific p ro b le m s w h ich p rim a rily in te re ste d N e y m a n him self. T h is led to I.A .S .P .S . (th e In te rn a tio n a l A ssociation for S ta tistics in the P hysical S ciences), w hich did good w ork on an all b u t fu n d less basis d u rin g th e few years o f its existence, b u t w hich was d e stin e d to pave the w ay for th e c reatio n of a m u ch m o re re p re se n ta tiv e bod y in th e fu tu re , and in due course these hopes w ere realized. In 1975 I.A .S .P .S . w as dissolved and replaced by the B ernoulli Society (again a section of the I .S .I.), w hich also ab so rb e d as su b sectio n s of itself tw o o th e r im m ensely influential g ro u p in g s of statisticians: the E u ro p e an M e e tin g of S ta tisticia n s (initially set up and gen ero u sly m ain ta in e d by th e U .S .A .-b a se d In s titu te of M ath em atical S tatistics), and an in te rn atio n a l g ro u p c o n c ern e d w ith o rg an izin g C o nferences on S to ch astic Processes. T h is has m ea n t n o t only th a t all m ath em atically and scientifically o rie n te d sta tistic ian s now have an open society w hich th ey can freely jo in , b u t also th a t the I .S .I. activities them selves have been dram atically tra n sfo rm e d , follow ing a decision by its B ureau in 1975 th a t th e B ern o u lli S ociety sh o u ld be in v ited to play a su b sta n tia l role in th e p lan n in g of all its b ien n ial m eetin g s. T h e in sp ira tio n for all th is cam e from N ey m an , w ho also chose the nam e for th e new body. W h en anyone asks 'w hich B ernoulli , we alw ays answ er, all th e B e rn o u llis'. It was p leasantly sym bolic th a t th e I .S .I. m ee tin g at w h ich these decisions w ere taken was held in W arsaw .
I sh o u ld like to close w ith som e personal rem ark s a b o u t N e y m a n as som e of his y o u n g er c o n te m p o ra rie s knew h im . T o us he was already a p a triarc h al figure, b u t e m in e n tly ap p ro a c h a b le and unstuffy. In all p a rts of the w orld one finds his p u p ils and a lm o st-p u p ils, a n d recognises th e fact from th e 'N e y m a n to u c h ' w h ich th ey display in p re sid in g over th e ir ow n in stitu tio n s, p ro v id in g a hom e for h a p p y and p ro d u c tiv e g ro u p s w ith ch aracteristically catholic in te rests. T o m any of these I w ro te seeking m aterial for this m em o ir. It is im possible to m ake full use of th e generously long replies received, w hich will be p rese rv ed in th e Royal Society archives. A few m u st be q u o te d , how ever.
P ro fesso r P. A. P. M o ra n , F .R .S ., w rites as follows:
'H e was m u ch influenced by K a rl P e a rso n 's Grammar o f science.
B ro u g h t up as a C atholic, he soon left th e C h u rc h 'because of the s tu p id ity of th e p rie s ts ', as he w ro te som ew here. H is first p a p e r was on sets of p o in ts-cu rio u sly his frien d A. S. B esicovitch F .R .S . w rote his first p a p e r on th e c en tral lim it th eo re m . J .N . got A .S .B . to Berkeley for a year as 'p ro fesso r of sta tistic s', and A .S .B . w ro te an in te restin g p ap er related to th e P ro b le m of th e N ile (R 5), p ro b ab ly in sp ired by J .N . J .N .'s biggest w ork was th e N e y m a n -P e a rso n th eo ry (to w hich I su b scrib e). I th in k he was alw ays frien d ly w ith E .S .P . b u t was q u ite u p se t by E .S .P .'s article " The N e y m a n -P e a rso n sto ry " in J .N .'s first festsch rift (R 6)-J .N . was very com bative. H ow ever, in his relatio n s w ith R .A .F . he p rese rv ed a certain d ig n ity , unlike the latter. H e had a certain n o b ility of sp irit w hich com es out clearly in his tw o articles on R .A .F . ( I I 16, 1143) . H e was very fond of p arties, and of the toast " to all the ladies p rese n t, and som e of those a b s e n t" . H e was passionately P o lish -b u t no t Polish C atholic! H e w rote too m u ch at the end. In his w ork on rain -m a k in g he was m ainly rig h t, b u t he te n d e d to attack b itte rly an y o n e he th o u g h t d ish o n e st or n o t c o m p e te n t. T h is w as p ro b a b ly so m e tim e s u n f a ir .' P ro fe sso r P. W h ittle , F .R .S ., w rite s as follow s:
' I s h o u ld very m u c h like to fu rn is h you w ith m a te ria l-I know of no cau se to w h ic h I w o u ld feel m o re s y m p a th e tic -b u t th e only a n ecd o tal m ate ria l I have is a m ild ly im p ro p e r sto ry w h ich he to ld a g a in st h im se lf-a R oyal S ociety M e m o ir is n o t th e place fo r it. I enclose a p h o to g ra p h of his m o tto , w h ich w as alw ays on his wall:
L ife is c o m p lic a te d , b u t n o t u n in te re s tin g .
I alw ays th in k o f th e tw o poles o f his w ork as b ein g the N e y m a n -P e a rs o n lem m a on th e one h a n d , a n d all th e w ork in the p h y sical sciences (a stro n o m y , c lo u d -se e d in g ) on th e o th e r, b u t I know th e re w as a g re a t deal in b e tw e en (a g ric u ltu ra l d esig n , d isc re te d is trib u tio n s , etc). 'H is p a rtic u la r q u a litie s as a p e rso n seem ed to m e to be:
(1) he su rv iv e d -he ju s t k e p t on go in g for a very long tim e; (2) he p re se rv e d all his zest an d e n erg y to th e end--a real in te re st in th e su b je c t, p lu s th e in stin c ts o f an e n tre p re n e u r and fixer; (3) his g rea t k in d n ess a n d h o sp ita lity ; (4) his ra th e r p u c k ish p ro p e n s ity for g e ttin g in to scrap esin n o ce n tly a n d u n b e k n o w n s t.' P ro fe sso r G . A. B a rn a rd w rite s as follow s:
'It is difficult to know w h ere to b eg in , and w h ere to sto p , in w ritin g a b o u t Je rz y N e y m a n . I very g rea tly a d m ire d his co urage w h en , sent by th e U .S . a n d B ritish G o v e rn m e n ts to overlook th e G reek elections o f 1946, and hav in g c o n c lu d e d th a t th e electio n s w ere fra u d u le n t, he resig n ed fro m th e C o m m issio n , w e n t to P aris, an d gave an in terv iew to H um anite in w h ich he fo rth rig h tly sta te d th e view s he h ad fo rm ed .
In d o in g so he risked rev o catio n o f his U .S . c itiz e n sh ip w hich, c o n sid e rin g th e state o f P o la n d at th e tim e, w o u ld have b een q u ite d isa stro u s for h im . A n d , of co u rse, th ro u g h o u t th e M c C a rth y p e rio d , a n d since, he has stood up p u b lic ly fo r u n p o p u la r causes. 'H e en jo y ed , and en c o u ra g e d , polem ic. A t th e M a h ala n o b is M e m o ria l C o n feren ce in C a lc u tta I d eliv ered a p a p e r in w h ich I atta ck e d som e of his view s q u ite stro n g ly (I had p ro v ed a resu lt rela te d to L in n ik 's, to th e effect th a t re q u irin g a similar test in th e B e h re n s-F is h e r p ro b le m led to a b su rd ity ). A fterw a rd s, in th e lounge, I in d ic a te d m y resp e c t to h im , th in k in g he m ig h t have taken m y talk perso n ally . H e alm ost reb u k e d m e for w h at I w as then saying, giving m e to u n d e rs ta n d th a t p ro g re ss com es by conflict of view s, and the s h a rp e r th e ex p ressio n of view s, th e b e tte r pro g ress. In th is, of course, he was the very o p p o site of F ish er. W h e th e r F ish e r enjoyed polem ic is arguable; b u t he c ertain ly did no t encourage it (th o u g h he w as p re p a re d to discuss in private).
'H e m u st have been resp o n sib le for in v itin g m e to th e 5th B erkeley S y m p o siu m , to talk a b o u t L ik elih o o d . P erfectly well aw are, as he w as, of m y deep d isa g re em e n t w ith his a p p ro a c h to statistics, he had m y wife and m e to stay w ith h im , and w as m o st c h a rm in g and h o sp itab le. H e-successfully-w en t well o u t of his w ay to m ake o u r trip m ost enjoyable.
'H e had as stro n g a sense of h u m o u r as any statistician I know , and was really g reat fun to be w ith , th o u g h on occasion his h u m o u r was so m ew h at b lack -you w ill, I expect, have h e a rd his sto ry o f how his g ra n d m o th e r died, aged 96, fro m " too m u c h sm o c k in g ", as he used to say.
'H is m ajor c o n trib u tio n to statistics cam e from his tre m e n d o u s e n th u sia sm for statistical th eo ry and practice, and the e n c o u ra g e m e n t th is gave to y o u n g er people. I vividly re m e m b e r how , in th e course of a c o n trib u tio n to discu ssio n at th e A m ste rd a m E u ro p e a n M e e tin g of S tatistician s he d e scrib ed H e rb R o b b in s 's w ork on tests of po w er one. In th e coffee q u eu e after th e session I rem a rk e d to h im th a t if he looked up the B ritish S ta n d a rd for te stin g co n tra ce p tiv e s, he w ould find th ere a test, for a b in o m ial p, of th e h y p o th esis p < p 0, w hich had p o w er one against th e a lte rn a tiv e P A fter a d id n 't p u b lish it in a m o re accessible place, he w e n t on to insist th a t th ere should, at the next m ee tin g of th e I .S .I ., be a special session d ev o ted , on the one h an d , to tests of pow er one, and, at th e sam e tim e, to the w orld p o p u la tio n p ro b le m . 'T h e p recise e x te n t of his ow n th eo retical c o n trib u tio n has yet to be p ro p erly evaluated. As you m ay know , R o b in P lack ett and I are p ro p o sin g to e d it c o rre sp o n d en c e b etw een E gon P earso n and G osset, w ith c o m m e n ts by E gon, w h ich suggest th a t N e y m a n began w ith the tra d itio n al B ayesian view , still w id esp read on th e C o n tin e n t in the 1920s, th a t he was e d u cated o u t of th is by E gon, and th e n c h a ra c te r istically, w ent m u ch fa rth e r th an E gon in eschew ing, n o t only p rio r p ro b ab ilitie s, b u t also " s u b s titu te s " such as likelihood. H is u n w il lingness to take th is last c o n c ep t seriously was alm ost obsessional. N o t only did it lead h im to en co u rag e such silliness as, for exam ple, a recen t article against " M a x im u m L ik e lih o o d " , b u t also it m u st have been responsible for his failing to ex te n d th e a rg u m e n t o f the N e y m a n -P earson lem m a to a seq u en ce o f h y p o th e sis-te stin g s itu ations. S u ch an ex tension w ould have en ab led h im to see th a t the c o n stra in t im plied by fixing the a-lev el in advance was b o u n d to increase the long ru n freq u en cy of b o th kinds of e rro r; and th is w ould have w arned him against a d o p tin g his re q u ire m e n t o f " sim ila rity " in tests w hich leads to such ab su rd itie s as saying, once in tw en ty tim es, th a t treated untreated alive 0 0 dead 20 20 gives e v id en ce, at th e 5% level, in fav o u r o f th e tre a tm e n t. 'B u t I am h e re go in g b e y o n d th e p o in t w h e re I o u g h t to stop. W h ile , o f c o u rse, I p ro fo u n d ly d isag ree w ith his rejectio n of th e c o n c e p t o f " sta tistic a l in fe re n c e " in fav o u r of th e n o tio n o f " in d u c tiv e b e h a v io u r" , th e re can be no d o u b t th a t th e la tte r o p e n e d up th e p o ssib ility o f a p p ly in g s o p h istic a te d m a th e m a tic s to a w hole ho st of im p o rta n t p ractical p ro b le m s, w h e re p h ilo so p h ica l niceties have a se co n d a ry role. B ecause o f th is, th e e n o rm o u sly p o w e rfu l-p e rh a p s so m e tim e s o v e r-p o w e rfu l-p o sitio n now o c c u p ie d by sta tistic s in science is in very large m ea su re d u e to h im .' N e y m a n was g rea tly e ste e m e d , an d g rea tly loved. H is ow n hero was C o p e rn ic u s, w hose sta tu e sta n d s o u tsid e th e m ain U n iv e rsity b u ild in g in W a rsa w , and N e y m a n w as p ro u d to be th e e d ito r o f a book by n u m e ro u s a u th o rs on The Heritage of Copernicus (11120)*. H e h ad a special affection fo r th e U n ite d K in g d o m , an d took im m en se p lea su re in b e c o m in g a F o re ig n M e m b e r of th e R oyal S ociety in 1979. H e leaves m an y frie n d s w ho have in co m m o n a special style o f th in k in g and acting; a gift fro m J .N ., to be p assed on to th e ir ow n p u p ils.
T h e co n so lid a te d b ib lio g ra p h y of N e y m a n 's w ritin g s is b ased on one asse m b le d u n d e r th e su p e rv isio n of P ro fe sso r S c o tt in th e S tatistical L a b o ra to ry , U n iv e rsity o f C alifo rn ia, B erkeley; I am m o st g rate fu l for p e rm issio n to re p rin t it h ere.
I also w ish to th a n k th e m an y colleagues w ho have g e n e ro u sly c o n trib u te d to th e c o m p ila tio n o f th is w ork; th ey are too n u m e ro u s to p e rm it an in d iv id u al listing. B ut special th an k s m u st go to P ro fe sso r B a rtle tt a n d P ro fe sso r Page for th e ir m aste rly articles on N e y m a n 's scientific w ork, to R ic h m o n d H e ra ld fo r e x p e rt h e ra ld ic advice, and to P ro fe sso r E liz a b e th S co tt a n d D r J. M . H a m m e rsle y , F .R .S ., for access to hu g e co llections of archival m ate ria l, a n d to th e ir ow n know ledge of th e life o f th is rem a rk a b le m an.
I I : N e y m a n a n d t h e t h e o r y o f s t a t i s t i c a l i n f e r e n c e b y M . S. B a r t l e t t , F .R .S .
Background
Jerzy N ey m an began his statistical career before he cam e to E n g lan d in 1925; b u t it was his professional e n c o u n te rs w ith B ritish statistician s, especially the P earso n s (fa th er and son) and R. A. F ish er, th a t w ere to be th e catalyst stim u la tin g his in te re st in statistical p ro b le m s, and in p a rtic u la r in the th eo ry of statistical inference. A m o n g his m an y c o n trib u tio n s to statistical inference, th e m ost im p o rta n t resu lte d d ire c tly from his personal collab o ratio n w ith E. S. P earso n (cf. also R3), and in d ire ctly from th e p ow erful stim u lu s of R. A. F ish er, a b o u t w hom N e y m a n acknow ledged ( 11114, p. ix).
'E ven th o u g h , in a q u a rte r of a c e n tu ry long d isp u te , I c o m b a ted certain view s of F ish er, th e re is no t th e slig h test d o u b t th a t his m any rem ark ab le achievem ents had a p ro fo u n d influence on m y ow n th in k in g and w o rk '. N e y m a n 's in tro d u c tio n to p ro b a b ility and statistics sta rte d , how ever, in R ussia and P o la n d .f H is tea c h e r in p ro b a b ility was S erge B ern stein , w ho had suggested to N e y m a n th a t he read K arl P e a rso n 's Grammar of science. In 1915, w hile still a s tu d e n t at th e U n iv e rsity of K h ark o v , he stu d ie d m easu re th eo ry at the in stig atio n of a n o th e r of his u n iv ersity teach ers, C. K . R ussyan, read in g in p a rtic u la r L e b e s g u e 's Lemons sur Vintegration. A fter th e rev o lu tio n , N e y m a n m oved in th e su m m e r of 1921 to P o lan d , w h ere he a c q u ired a p ost as statistician at th e A g ricu ltu ra l R esearch In stitu te in B ydgoszcz. H is in itia tio n into th e use o f statistical m eth o d s in ag ric u ltu ra l e x p e rim e n ta tio n m ig h t be co m p a red w ith F is h e r 's w hen ap p o in te d in 1919 to a statistical p o st at R o th a m sted E x p e rim en ta l S tatio n , th o u g h N e y m a n 's acceptance o f the P olish po st was a m u ch m ore re lu c ta n t one forced on h im by his lack o f a jo b .
O ne o r tw o p ap ers p u b lish e d d u rin g th is p e rio d ea rn e d N e y m a n a d o c to ra te in 1923; and in 1925 he took up a p o st-d o c to ra l F ellow ship g ran te d by the P olish N atio n al C u ltu re F u n d for stu d y ab ro ad . T h e first of his tw o years ab ro ad was sp e n t at U n iv e rsity C ollege L o n d o n , in K arl P e a rso n 's d e p a rtm e n t; and here he first m et K arl P e a rso n 's son E gon, w ho had n o t long jo in e d his fa th e r's staff. H is e n c o u n te r w ith E. S. P earson appears at first to have stim u la te d P earso n m ore th a n N ey m an , for P earson refers (R 6, p. 4) to a co n v ersatio n at the end of N e y m a n 's stay in L o n d o n ab o u t a 'general statistical p ro b le m ' w hich P earso n h ad been p u zzlin g over, w ith the suggestion of fu tu re co llab o ratio n . N ey m an , on the o th e r h and, rep o rts a b o u t g rav itatin g to P aris in his second F ello w ship year ab ro ad , a tte n d in g L e b e sg u e 's lectures, and ad d ed (1160, p. 151):
t See David K en d all's biographical account for fu rth er details of N e y m an 's early education.
. .w e re it n o t for E g o n P e a rso n , I w o u ld have p ro b a b ly d rifte d to m y e a rlie r passiion fo r sets, m ea su re and in te g ra tio n , and re tu rn e d to P o la n d as a faith fu l m e m b e r of th e W arsaw school, an d a steady c o n tr ib u to r to Fundam enta M a t h e m .'
The N ey m an-Pear son collaboration
H o w e v er, E. S. P e a rso n , w ho h ad b een stru g g lin g fo r som e years try in g to p erceiv e th e p rin c ip le s u n d e rly in g th e sta tistic a l m e th o d o lo g y he h ad g ro w n u p w ith , a n d w ho fo u n d it h elp fu l to fo rm u la te his difficulties at som e len g th in c o rre sp o n d e n c e w ith W . S. G o sse tt, J. N e y m a n an d o th e rs, w ro te a le tte r to N e y m a n a p p a re n tly to w a rd s th e e n d of 1926, on th e logic of sta tistic a l tests. N e y m a n has n o te d (1160, p. 151):
'I am afraid I w as n o t very h elp fu l in m y reply. F ra n k ly , p rio r to th is le tte r of P e a rso n , and also fo r a p e rio d th e re a fte r, I d id n o t n o tice th e ex isten ce of th e p ro b le m s th a t b o th e re d h im . L a te r on ,. .. I u n d e r sto o d th e issues. T h e g eneral q u e stio n was how' to fo rm u la te th e p ro b le m o f statistical tests so th a t it w o u ld have a m ath e m a tic a l m ea n in g . T h e p ro b le m w as th a t o f d e lin e atin g th e c o n te n ts of m a th e m a tic a l sta tistic s as a p ro p e r d isc ip lin e '.
T o u n d e rs ta n d th e scientific c lim ate at th e tim e, it sh o u ld be recalled th a t th e concept of p ro b a b ility , on w h ich statistical th e o ry d e p e n d e d , .was still so m e w h at n e b u lo u s. R. A. F is h e r h ad ju s t p u b lish e d th e second of his tw o in flu en tial p a p e rs on sta tistic a l e stim a tio n (R 7, R8), th ese b ein g b ased on th e o bjective statistical n o tio n of p ro b a b ility as a relative fre q u e n c y in a 'la rg e ' p o p u la tio n , as n o ted by F ish e r in a preface to his 1925 p a p e r.
T h e m athematical th e o ry of p ro b a b ility was p u t a few years later on a firm m ea su re th e o ry basis in th e fu n d a m e n ta l m o n o g ra p h by A. N . K o lm o g o ro v (R 14), an d N e y m a n 's ow n ea rlie r stu d ie s m ade it p a rtic u la r ly n a tu ra l for h im to a d o p t su ch a basis. T h e logical a p p ro a c h of w rite rs like H a ro ld Jeffreys to th e g eneral p ro b le m of in d u ctiv e in feren ce (R 12) , in w h ic h p ro b a b ility was reg a rd e d as a 'd eg ree of reaso n ab le b e lie f' o b ey in g ce rtain axiom s, w as rejected b o th by F ish e r a n d by N e y m a n . N e v e rth e le ss, it is im p o rta n t to d istin g u ish b e tw e en a valid m ath e m a tic a l basis a n d an accep tab le logical basis; and N e y m a n 's rig o ro u s m a th e m atical fo rm u la tio n s o f th e p rin c ip le s o f statistical in ference did n o t themselves e n su re scientific v alidity and acceptance. T h e su m m a ry below of his m ain c o n trib u tio n s in clu d es c o m m e n ta ry on th e ir logical c o n te n t.
T o re tu rn first, how ever, to th e c o o p e ra tio n b etw een N ey m an an d P earso n , it seem s clear th a t P e a rso n raised th e p ro b le m s and N e y m a n d ev elo p ed th e ir m ath e m a tic a l fo rm u la tio n a n d so lu tio n . F is h e r's th eo ry of e stim a tio n , in w hich F ish e r h ad stressed the role of th e likelihood function, and o f fu rth e r im p o rta n t c o n c ep ts such as statistical information and sufficiency, re p re se n te d a c o n sid erab le advance; b u t P earso n felt th a t th e logic of statistical tests still re q u ire d elu cid atio n . F ish e r te n d e d to discuss significance tests p u rely on th e basis of w h at he te rm e d th e null hypothesis, and it was N e y m a n and P earso n w ho first fo rm u la ted an a p p ro a c h explicitly in tro d u c in g the class o f 'a lte rn a tiv e h y p o th e se s'. P earson h im se lf has acknow ledged (cf. R3, p. 433) th a t the idea of in tro d u c in g the class of a ltern ativ es was suggested in a le tte r fro m W . S. G o sset to h im dated 11 M ay 1926.
A t first th e resu lts w ere still som ew hat ten tativ e. In a long p a p e r (114) in 1928, N ey m an and P earson in tro d u c e d (at P e a rso n 's suggestion) th e ir g en eralization of the likelihood ratio c rite rio n to cover composite h y p o theses, in w hich the null h y p o th esis H 0, say, is n o t fully specified. 
A , = pJX)IPn&).
In the special case w h en H 0 is sim ple, reduces to X = p 0(L )lpQ(Z), w here p 0 is th e p ro b a b ility d e n sity for H 0.
T h e a u th o rs rem ark (114, p. 265):
'T h e value of th is criterio n in th e case of testin g co m p o site h y p o theses will p e rh a p s be q u e stio n e d . It m ay be arg u ed th a t it is im possible to estim ate th e p ro b a b ility of such a h y p o th esis w ith o u t a know ledge of the relative a priori p ro b ab ilitie s of th e c o n stitu e n t sim ple h y p o th eses. B ut in general it is q u ite im possible even to a tte m p t to express o u r a priori know ledge in exact term s. C an we th en get no fu rth e r? C e rta in ly we are faced w ith a p ro b le m w hose solu tio n can n o t take th e sam e fo rm as th a t w hich is possible w hen a sim ple h y p o th esis is tested , yet we are inclined to th in k th is ratio of m ax im u m chances or freq u en cies of o cc u rre n ce p ro v id es p erh a p s th e b est n u m erical m easu re th a t can be fo u n d u n d e r th e c irc u m stan c e s to guide o u r ju d g e m e n t.
'As for X, so in the case of Xx,a know ledge o how ever, sufficient. It has been p o in te d ou t th a t the e rro rs of ju d g e m e n t w hich m u st inevitably occur will be of tw o kinds (1) we so m e tim e s reject th e h y p o th e sis w h e n it is in fact tru e , and (2) we so m e tim e s accep t it w h e n Z has b e e n d ra w n fro m som e p o p u la tio n n o t b e lo n g in g to th e su b se t 0). T h e fo rm of th e c c h o sen to m in im iz e th e effect o f (2), b u t it is necessary to know also th e p ro b a b ility d is trib u tio n o f in sa m p lin g fro m th e m e m b e rs of a> in o rd e r to c o n tro l th e so u rce o f e rro r (1). In th e cases w h ich w e have so far com e across th is d is trib u tio n has po ssessed th e essential p ro p e rty of b e in g th e sam e o r a p p ro x im a te ly th e sam e w h a te v er m e m b e r o f co m ay have b e e n s a m p le d .'
In th e ir 1933 Phil. Trans, p a p e r (133) fact tru e , we sh o u ld choose th a t one o f th e tw o w h ic h assu res the m in im u m ch an ce of ac ce p tin g H 0 w h e n th e tru e h y p o th e sis is H x.
2. S ta rtin g fro m th is p o in t of view , since th e choice o f a c rite rio n is e q u iv a le n t to th e choice o f a critical reg io n in m u ltip le space, it w as p o ssib le to in tro d u c e th e c o n c e p tio n o f th e b e st critical region w ith re g a rd to th e a lte rn a tiv e h y p o th e sis H x. T h is is th e region, th e use of w h ic h , for a fixed value o f e, assu res th e m in im u m chance of ac ce p tin g H 0 w h en th e tru e h y p o th e sis is H x. T h e c rite rio n , based on th e b est critical reg io n , m ay be re fe rre d to as th e m o st efficient c rite rio n w ith reg a rd to th e a lte rn a tiv e H x.
3. It has b een show n th a t th e choice of th e m o st efficient c rite rio n , o r of th e b e st critical region, is e q u iv a len t to th e so lu tio n o f a p ro b le m in th e C alcu lu s of V ariatio n s. W e give th e so lu tio n of th is p ro b le m for th e case o f te stin g a sim ple h y p o th esis.
T o solve th e p ro b le m in th e case w h ere th e h y p o th esis teste d is co m p o site , th e so lu tio n of a fu rth e r p ro b le m is re q u ire d ; th is consists in d e te rm in in g w h a t has b een called a region sim ila r to th e sam ple space w ith reg a rd to a p a ra m e te r. W e have b een able to solve th is au x iliary p ro b le m only u n d e r c e rtain lim itin g c o n d itio n s; at p re se n t, th ere fo re , th ese co n d itio n s also re stric t th e g e n e ra lity of th e so lu tio n given to th e p ro b le m of th e b est critical region fo r te stin g c o m p o site h y p o th e s e s .'
T h e q u a n tity e above w as te rm e d th e size of th e test. T h e N e y m a n -P e a rso n Fundam ental Lemma e sta b lish e d th a t th e chance of rejecting H 0 w hen a single possible a ltern ativ e h y p o th esis H x was tru e w as m axim ized in th e case of sim ple a ltern ativ es w h en th e critical region was based on X. In a su b se q u e n t p a p e r (134) th is chance was call power of the test, and th e test b ased on X th e m o st p ow erful test.
F u r th e r e lab o ratio n , in clu d in g th e n o tio n s of uniformly most powerful tests (134), 'u n b ia s e d ' tests (151), in w h ich th e p o w er is n ev er less th a n the size G ,etc ., resu lte d in a c o n sid erab le th eo retical s u p e rs tru c tu re w hich overall m ade q u ite an im p act. T h e u n eq u iv o cal m ath e m a tic a l basis for the th eo ry ren d e re d it in p a rtic u la r a ttrac tiv e to m an y u n iv ersity teach in g d e p a rtm e n ts of statistics, and, in d ue course, to w rite rs of textbooks. N e v e rth e le ss F ish er, w hile a p p a re n tly a referee of the 1933 p ap er, b ecam e one of its stro n g e st critics. T h is m ay p a rtly have been because he c o n sid e red th e d ev elo p m en t of th e N e y m a n -P e a rso n th eo ry o f testin g statistical hy p o th eses ah initio te n d e d to o b scu re th e fu n d am e n ta l role of his ow n co n cep ts of likelihood and s u f f i c i, even th o u g of the fo rm er had been v in d icated by th e N e y m a n -P e a rso n F u n d a m e n ta l L em m a, and the latter, if a p p ro p ria te ly ex te n d e d , was related to th e ir idea of sim ilar regions. H ow ever, a m ore basic difference of v iew p o in t was to em erge, associated w ith the n o tio n of 'rep eated sa m p lin g '. T h is is a fu n d am e n ta l p ro b le m , w h ich will arise again later, as it im p in g es stro n g ly on N e y m a n 's su b se q u e n t w ork and general a ttitu d e . F o r the m o m e n t th is p ro b le m will be discu ssed , n o t in relatio n to F is h e r's criticism s, as F ish er was far fro m c o n sisten t or objective in these, b u t to the c ritiq u e by I. H acking (R 1 1). H acking n otes th a t u n c ritic a l appeal to th e co ncepts of size and pow er alone (the fo u n d atio n of the N e y m a n -P e a rso n theo ry ) is in ad e q u a te , and co uld lead to a b s u rd ity ,-for exam ple, if an event w ith zero p ro b a b ility on H 0, b u t n o n -ze ro on H 1; has been in clu d ed in th e acceptance region for H 0, b u t has actually o ccu rred . H acking d istin g u ish e s b etw een the value of tests before and after a trial has been ca rrie d out. T h e N e y m a n -P e a rso n th eo ry is very valuable for 'b e fo re -tria l' assessm ents, b u t n o t necessarily so relevant after the resu lts of the trial are know n (unless it has been d ecid ed to ignore the fu rth e r details of the data, th a t the sam ple p o in t has fallen in the acceptance region). W hile the above c o u n te r-e x a m p le could be ju d g e d in ad m issib le, as its acceptance region c o rre sp o n d s to a test in conflict w ith the F u n d a m en ta l L em m a, m ore su b tle exam ples of con ditional inference, in w hich the sam p lin g d istrib u tio n envisaged is con d itio n al on w hat F ish e r te rm e d ancillary in fo rm a tio n , ca n n o t readily be discussed w ith in the N e y m a n -P earson fram ew ork.
T h e 1933 p a p e r (134) on th e testin g of statistical h y p o th eses in relatio n to p ro b ab ilitie s a priori is of in te rest no t only for its in tro d u c tio n of th e c o n cep t of p o w e r, b u t also for its reco g n itio n of p ro b le m s w here the econom ic consequences of decisions m ay be sufficiently relevant to be in tro d u c ed explicitly into th e analysis, th u s b ein g to som e e x te n t a fo re ru n n e r of 'statistical decision th e o ry '.
The theory of confidence intervals
A few y ears a fte r th e d e v e lo p m e n t of th e N e y m a n -P e a rs o n th e o ry of sta tistic a l tests, N e y m a n p u b lis h e d a n o th e r p a p e r (156) in Phil. Trans, on in te rv al e stim a tio n . T h is set o u t sy ste m atic a lly his ow n th e o ry of 'co n fid en ce in te rv a ls ', and h ad arisen fro m a tte m p ts to d e scrib e th e accu racy of e stim a te s o f p a ra m e te rs in d e p e n d e n tly o f th e form al Bayes so lu tio n in v o lv in g th e a ssig n m e n t o f p rio r p ro b a b ilitie s. T h e so lu tio n m ay be illu s tra te d in te rm s o f a sim p le a n d fam iliar ex am p le. S u p p o se a sam p le o f ni n d e p e n d e n t o b se rv a tio n s fro m a n o rm a l p o p u la tio n w ith tru e (b u t u n k n o w n ) m ea n has sam p le m ean m w ith varian ce <72 = cr2/«, w h e re a 2 is th e (know n) varian ce p e r o b se rv a tio n .
T h e n we know , say, th e p ro b a b ility 0.95 th a t M -fi< 1.96 o m (or a lte rn a tiv e ly th e p ro b a b ility 0.90 th a t < 1.9 6 c m) fro m th e sa m p lin g d is trib u tio n o f th e random q u a n tity M , o f w h ich m is the realized value. If th e re fo re we a sse rt th a t 1.96<rm (or alte rn a tiv e ly th a t \p -M \ < 1.96 crm), w e shall be c o rre c t repeated sampling on 95 % of occasions (in th e a lte rn a tiv e 'tw o -ta ile d ' v ersio n , on 9 0 % of occasions). T h e m is u n d e rs ta n d in g s th a t su ch s ta te m e n ts g e n e ra te d w ere re m a rk able, b u t w ere p a rtly d u e to a m b ig u o u s d isc u ssio n in th is co n te x t by F ish e r, w ho h ad alread y in 1930 p u b lis h e d a n o te (R 9) in w h ich he first p ro p o se d w h at a p p e a re d to be th e above fo rm o f sta te m e n t u n d e r the n a m e o f fiducial probability. U n fo rtu n a te ly , w hile F is h e r h ad alw ays been carefu l to d istin g u is h b e tw e en a p o p u la tio n p a ra m e te r such as a n d a sam p le estim a te su ch as m, he did not d istin g u ish in his n o ta tio n b etw een th e o b se rv e d value mo n a p a rtic u la r occasion, and the ra n d o m q u a M , o f w hich mi s a realizatio n . A t th e tim e his d iscu ssio n in te rm s of re p e a te d sa m p lin g seem ed, ho w ev er, clear e n o u g h . F o r ex am p le, in th e 1930 no te w h en d isc u ssin g th e case of an u n k n o w n c o rre la tio n coefficient p, F is h e r said (p. 535):
'. . . if we take a n u m b e r o f s a m p le s . .. fro m th e sam e or d ifferen t p o p u la tio n s and for each calculate th e fiducial 5 p e r cen t value of p, th e n in 5 p e r cen t of cases th e tru e value o f p w ill be less th a n th e value we have f o u n d .' B oth N e y m a n a n d P earso n have re fe rre d to o th e r early d iscu ssio n on th e p ro b le m of in terv al estim a tio n . In 1927 P e a rso n w as alread y engaged in c o rre sp o n d e n c e (I am in d e b te d to P ro fe sso r G . A. B a rn a rd for show ing m e a copy of th is c o rre sp o n d en c e ) w ith W . S. G o sse t on in te rv als defined by relev an t significance tests, and N e y m a n (1160, p. 154) refers to a q u e stio n by P ytkow ski, a s tu d e n t o f his in W arsaw , a b o u t 1930, on th e p recisio n of an estim a ted reg ressio n coefficient, w h ich stim u la te d his ow n th eo ry of confidence in terv als. H o w ev er, F is h e r's 1930 no te ap p ears to have p rio rity in p rin t, and N e y m a n m an y years later has acknow ledged (1160, p. 155):
'in th e first p a p e r in w hich I p re se n te d th e th eo ry of confidence intervals, p u b lish e d in 1934 (135), I recognized F is h e r's p rio rity for the idea th a t interval e stim a tio n is possible w ith o u t any reference to B ayes's th eo re m and w ith th e so lu tio n b ein g in d e p e n d e n t from p ro b ab ilitie s a p r i o r i
.'
It was no t until later th a t c o n tro v e rsy over th e in te rp re ta tio n of F is h e r's th eo ry was a c ce n tu ate d by m y ow n c ritic ism (on the a ssu m p tio n th a t a valid freq u en cy in te rp re ta tio n w as in te n d e d ) of som e of F is h e r's ex ten sio n s of his fiducial th eo ry to m o re th a n one p a ra m e te r (R l). T h is co n tro v ersy led to ev entual general acceptance th a t F is h e r 's fiducial th eo ry and N e y m a n 's th eo ry of confidence in terv als m u st be d is tin g uished. T h u s in a critical review in 1941 (169) N e y m a n co ncluded:
'the only th in g th a t th e p re se n t a u th o r v e n tu re s to profess is th a t the th eo ry of fiducial p ro b a b ility is d istin c t from th a t of confidence in te rv a ls.' N ev erth eless, I was alw ays ra th e r s u rp rise d to find no explicit re ference to F is h e r's 1930 no te in the 'review of the so lu tio n of th e p ro b le m of e stim a tio n advanced h e re to ' in N e y m a n 's 1937 Phil. Trans, p a p e r (156, and p. 258 in 11114).
F is h e r's equivocal stance w as n o t en tirely w ith o u t su b stan ce. In a Bayesian a p p ro ach th e in feren ce on an u n k n o w n m ean w ould be con d itio n al on th e o b serv ed m, th o u g h at th 'p ro b ab ilitie s a priori . H ack in g (R l 1, p. 159), w h en d iscu ssin g N e y m a n 's th eo ry of confidence intervals, rem ark s th a t '. .. it m ay be helpful to exam ine its relatio n to th e fiducial a rg u m e n t. T h is is especially necessary, since F is h e r's original ex pression of th e fiducial a rg u m e n t is couched in te rm s m o re su itab le to N e y m a n 's th eo ry th an his o w n '. 'In fact the fiducial a rg u m e n t w h en co m p le te d , and the inverse p ro b ab ility a rg u m e n t, are sim ply differen t w ays of saying the sam e th in g '.
W h a t H acking in effect em
H acking, how ever, did no t go as far as th is, p o in tin g o u t th a t w hile the irrelevance p rin cip le m ig h t imply a 'p rio r d is tr ib u tio n ', th is did n o t m ean the w h o le -h e a rte d acceptance of the m ac h in ery of p rio r d istrib u tio n s involved in the B ayesian a p p ro ach . N ey m an d efen d ed his th eo ry of confidence intervals purely in term s of 'lo n g -ru n b e h a v io u r'; b u t, w hile th is is a c o n s is te n t a ttitu d e , it is difficult (as n o te d for th e N e y m a n -P e a rs o n th e o ry of tests) to u p h o ld a in fe ren c e in such te rm s if th e in fe ren c e is o b v io u sly false on th a t p a rtic u la r occasion. T o p u t it b lu n tly , an e n g in e d riv e r p e rc e iv in g a large o b s tru c tio n on th e railw ay line a h ead n a tu ra lly ap p lies his b rak es, and does n o t a rg u e th a t if he ig n o res su ch o b s tru c tio n s he w ill be c o rre c t on m o st occasions. T h e d ifficulty h e re is th a t a sta tistic a l in fe ren c e as su ch c a n n o t be e x p ected to cope efficiently w ith a u n iq u e , or even a very rare class of, ev en t, b u t b e c o m e s m ere ly p a rt o f a w id e r ty p e of in d u c tiv e in feren ce w h ich N e y m a n m ig h t rea so n a b ly have claim ed w as no lo n g er classifiable w ith in th e d isc ip lin e of statistical in feren ces.
Other papers on statistical methodology and inference
In a d d itio n to th e m ain w ork on h y p o th e sis te stin g a n d confidence in te rv als, N e y m a n p u b lis h e d som e o th e r im p o rta n t p a p e rs d u rin g his p e rio d in E n g la n d as a m e m b e r of staff in E. S. P e a rs o n 's new D e p a rtm e n t of S ta tistics. T h e s e in c lu d e d a p a p e r in 1934 (135) on sa m p lin g th e o ry p re su m a b ly largely p re p a re d w hile N e y m a n w as still in th e B io m etric L a b o ra to ry , W arsaw , w h ic h is given as his ad d ress; th is p a p e r has alread y b e e n c ited in §3 fo r its a c k n o w led g m e n t o f F is h e r 's th e o ry o f fiducial p ro b a b ility . P e rh a p s b ecau se of th is, F is h e r 's a ttitu d e to th e p a p e r w as rea so n a b ly am icab le, in sh a rp c o n tra s t to th e c o n tro v e rsial ex ch an g es follow ing N e y m a n 's seco n d p a p e r (143) to th e R oyal S tatistical S o ciety in 1935, in c o o p e ra tio n w ith K . Iw aszkiew icz and St. K o lo d ziejczy k , on statistical p ro b le m s in a g ric u ltu ra l e x p e rim e n ta tio n . In th is p a p e r N e y m a n h ad th e te m e rity to q u e stio n th e th eo ry u n d e rly in g th e statistical analysis of ra n d o m iz e d blocks and L a tin S q u a re s, p o in tin g o u t in p a rtic u la r th a t if th e tre a tm e n ts reacted d iffe r en tly to differences in soil fertility , th e n th e sta n d a rd te st of significance o f tre a tm e n t effects co u ld be biased in th e case of L a tin S q u a res. F is h e r 's d efen ce w as to em p h asize his ow n null h y p o th e sis th a t th e tre a tm e n ts had no effect on th e yields; an d , like th e m o re p e rm a n e n t c o n tro v e rsy th a t w as to d evelop over th e rival m e rits o f fiducial a n d confidence in te rv als, th e re w as som e rig h t on b o th sides. As I m y se lf n o te d at th e tim e (143, p. 169):
'it w o u ld .. . have b een sim p le r if D r. N e y m a n h ad sta te d in w o rd s exactly w hy it w as th a t th e L a tin S q u a re s a p p e are d to be giving a b iased estim a te of e rro r; he had assu m ed th a t th e tre a tm e n ts w ere h av in g an effect on th e yields, and if one m ad e th e " n ull h y p o th e s is " , th a t was n o t necessary fo r a test of significance. It was only fair to D r. N e y m a n to m e n tio n th a t a lth o u g h on th e null h y p o th esis th e z test w o u ld be u n b iase d for te stin g th e effects of th e tre a tm e n ts , one w ould still get the p o ssib ility of bias in a f test fo r testin g th e difference b e tw e en only tw o tre a tm e n ts , since usu ally one w o u ld be u sin g th e w hole o f th e e rro r for th a t p a rtic u la r c o m p a ris o n '.
In later years N ey m an c o n tin u e d to p u b lish on th eo retical aspects of statistical inference, b u t his m o st im p o rta n t c o n trib u tio n s in th is area had been co m p leted . O ne p a p e r (176) p u b lish e d in 1949, b u t dealing w ith w ork sta rte d several years earlier, developed the th eo ry o f w hat N ey m an called 'b est asy m ptotically no rm al e stim a te s', w hich w ere a generalizatio n of F is h e r's m ax im u m likelihood estim ates having the sam e a sy m p to tic p ro p e rtie s h u t in te n d e d to be m ore co n v en ien t to use. In 1959 (1106; cf. also 90) he developed the th eo ry o f w hat he te rm e d C (a) tests, w hich w ere asy m p to tically op tim al for testin g a n ull h y p o th esis 0 1 = 0, say, against the altern ativ e class 6j # 0 , w hen o th e r p a ra m e te rs u n k n o w n . . N e y m a n co n sid ers th e i = 1
, w here dj are m ax im u m estim ates (m ore generally, estim ates w ith w h at N e y m a n te rm e d 'local ro o t-n co n sisten c y '), and are th e regression coefficients o f dL/d9l on the dh/dOj, as estim a ted from the s e c o n d -o rd e r derivatives. N e y m a n 's p ro ce d u re s w ere, how ever, su b se q u e n tly ex am in ed by P. A. P. M o ra n (R 17), w ho show ed th a t they w ere asy m p to tically e q u iv a len t to th e use of the likelihood ratio test and to tests u sin g m ax im u m likelihood es tim ato rs, and n o ted th a t they h ad also p rev io u sly b een d iscussed by m yself (R 2). M o ra n also n o ted th e gen eralizatio n to the case w here the null h y p o th esis involved m o re th a n one p a ra m e te r e.g. 0l=02 = ...=0r = 0 (1 <r<k). N e y m a n 's w id e -ra n g in g c o n trib u tio n s to ap p lied fields are re fe rre d to elsew here in th is m em oir; b u t w ith in th e fram ew o rk of the general th eo ry of statistical inference it m ig h t be ad d ed th a t his avow edly b e h a v io u ristic a p p ro ach to in d u ctiv e p ro b le m s (e.g. 1132) did n o t in h ib it his em p h asis on th e need for specific stochastic m odels ap plicable to th e p a rtic u la r p ro b le m u n d e r in v estigation. As his in te re st in ap p licatio n s developed, m o d e l-b u ild in g becam e an even m ore im p o rta n t aspect o f his researches. A t th e end o f his ow n review of his illu strio u s and influential research career he notes (1160, p. 162):
'p a rticu la rly in th e m ore recen t decades, th e d e lig h t I ex perience in try in g to fathom the chance m ech an ism s of p h e n o m e n a in the em pirical w o rld '. III. N e y m a n a s a s t r o n o m e r b y T h o r n t o n L . P a g e I 'd like to c o n trib u te as m u c h as p o ssib le to th e R oyal S ociety M e m o ir on J e rry N e y m a n . H e w as a tru e frie n d , as w ell as m y statistical m e n to r. As you m ay re m e m b e r, he p u t m e u p in his h o u se on A m h e rst A venue; th e n , a fte r I suffered a serio u s a u to a c cid e n t, a rra n g e d for m e to sp e n d a q u a rte r d o in g rese a rc h a n d e d itin g several books at B erkeley. I have stro n g m em o rie s of his h u m o u r a n d d ev o tio n to w ork. O ne ev en in g he jo in e d us for s u p p e r in o u r B erkeley a p a rtm e n t, an d I served h e rrin g snacks on cra c k e rs w ith 6 o 'clock d rin k s. J e rry said, 'O h , I like d ead fish ', a n d h e rrin g snacks have b een 'd ead fish ' to us ev er since. W h e n we w ere w o rk in g on th e sta tistic s o f d o u b le galaxies, he w o u ld o ften te rm in a te s u p p e r w ith 'I t 's tim e to get to w o r k' , w h ich he p ro n o u w ith Y ork. J e rry w as in te n se ly P olish. I first got to know h im a fter th e I.A .U . C o n g re ss in M oscow w h e n w e (to g e th e r w ith 16 o th e r w e stern a s tro n o m ers) to u re d so u th e rn R ussia, v isitin g several S oviet o b se rv a to ries. A t one p o in t we w ere tak en to a S oviet re so rt on th e Black Sea for sw im m in g a n d b o a tin g . I was sw im m in g w hile J e rry a n d several o th e rs d ra n k coffee in a sm all seaside re s ta u ra n t. W h e n I jo in e d th e m , in m y b a th in g su it, th e S o v iet police m o v ed in a n d a rre s te d m e. It seem s th a t th e re is a s tric t S oviet lawr ag ain st e n te rin g a p u b lic re s ta u ra n t in a b a th in g su it. J e rry p e rs u a d e d th e m th a t I w as ju s t a d u m b A m e ric an , b u t to ld m e th a t I m u st ch an g e m y clo th es th e n and th e re u n d e r police escort. I was e m b a rra sse d as I d id th is in full view of several lady a s tro n o m e rs, b u t it satisfied th e police.
O n a n o th e r occasion, N e y m a n show ed his u n d e rs ta n d in g of R u ssian s and th e ir language. A t each o b se rv a to ry we w ere given a cerem onial lu n c h e o n h ig h lig h te d by to asts in w ine by th e h o sts 'to o u r g u ests from o v e rse a s', a n d by one of us 'to o u r h o sp ita b le h o s ts '. W e took tu rn s m ak in g th e resp o n ses, and in B u rak an , Soviet A rm en ia , it w as th e tu rn of a C a n a d ian a stro n o m e r, w ho e n d e d , 'to o u r frie n d s, th e R u ssia n s'. W h e n th is w as tra n s la te d , th e re w as a d ead silence. J e rry , k n o w in g th a t the A rm e n ia n s dislike th e n o rth e rn R ussians, ju m p e d up a n d said 'She m eans th e A rm e n ia n s '; w h ich led to clap p in g and lau g h te r.
O n statistical p ro b le m s, N e y m a n was a p e rfe c tio n ist. N e a r th e en d of his life, I cro ssed sw ords w ith him on th e q u e stio n o f w e a th e r m od ifica tio n by clo u d seeding, w h ich I th in k has b een p ro v ed by tests in Israel a n d off th e coast of F lo rid a . J e rry in sisted th a t, because th e Israelis sh ifted th e ir tim e in terv als of rain -g au g e read in g s, th e ir resu lts w ere statistically m ean in g less. H e h ad earlier show n th a t w estern U .S . M y m ajo r scientific association w ith Je rz y N e y m a n was in th e stu d y of b in ary galaxies. H e and E lizab eth S co tt h ad review ed co u n ts o f galaxies by S hane and W irta n e n show ing th e c lu ste rin g of galaxies. M y m ain idea was to m easu re th e average m ass of galaxies by th e ir m o tio n s in pairs. B ecause the o rb it of one galaxy a ro u n d a n o th e r takes m illions o f years, th e only significant d ata are the m ea su red differences in radial velocity (from D o p p le r shifts in th e sp ectra) of galaxies in pairs. In 1932, th e S w edish a stro n o m e r, E rik H o lm b erg , h ad p ro p o se d th a t, statistically, such m ea su rem e n ts could be used to e stim ate th e c o m b in e d m ass of tw o galaxies in a pair. I m ea su red radial velocities of 35 p airs of galaxies, and so u g h t Jerzy N e y m a n 's help in analysing th e m in 1958. D e sp ite several sim p lify in g a ssu m p tio n s (circu la r o rb its, lin ear se p a ratio n s of know n d istrib u tio n , ran d o m o rie n ta tio n of o rb its, negligible e rro r in a n g u lar sep aratio n s, etc.), th e statistical p ro b le m s tu rn e d o u t to be com plex. N e y m a n soon recognised th a t m y m ea su red differences in radial velocity, D V , b etw een th e tw o galaxies in a p air had the largest e rro rs, and assu m ed th a t D V is a n o rm a l ran d o m h e lp e d m e th ro u g h th e m ath e m a tic s, involving in te g ra tio n over tw o p ro je c tio n angles, to d erive a reg ressio n b e tw e en th e o b serv ed (DV)2, the a n g u la r sep aratio n , S, and th e m ean radial velocity, V, allow ing for a w eig h tin g factor to c re d it th e b e tte r o b se rv a tio n s over less accu rate ones. T h e m ean m ass o b tain e d fro m th is reg ressio n tu rn e d o u t to be d ifferent for spiral and elliptical galaxies. T h e s e resu lts w ere p re se n te d and d iscussed at th e 4 th B erkeley S y m p o siu m on M a th e m atic a l S ta tistics and P ro b a b ility (11110) . N ey m an h im se lf greatly enjoyed o rg an isin g sym posia, and was very good at it. H e seem ed to know perso n ally all th e statistician s in th e w orld, and kept in to u ch w ith th em th ro u g h th e In te rn a tio n a l S tatistical In stitu te . H e was quick to recognise new ap p licatio n s of statistics in fields as d ifferent as a stro n o m y and m eteo ro lo g y . H e stro n g ly en co u rag ed scien tists to get m ore d ata so as to im p ro v e th e ir statistical conclusions. By u sing radial velocities p u b lish e d by o th ers, I was able to increase m y 35 to 66 p airs of galaxies, and m y average m asses and m ass/lu m in o sity ratios w ere accep ted for alm ost 20 years. R ecently, T u r n e r collected data on 156 galaxy pairs, carefully avoiding selection effects, and used differen t statistics to analyse the data, try in g to show th a t galaxies have large, dark, m assive haloes. H e has b een ch allenged by P e terso n and R ood, u sing radio as well as optical data. It is fair to say th a t the statistics of do u b le galaxies are u n se ttle d in 1982!
In 1961, N ey m an , S co tt, and I o rg an ised a C o n feren ce on the In sta b ility of S ystem s of G alaxies, at S an ta B arbara, C alifornia, ju s t before th e I.A .U . m eetin g in B erkeley. As m ig h t have been ex p ected, Je rry exercised his org an isatio n al ex p ertise, ro u n d in g up 17 p ro m in e n t a stro n o m e rs from R ussia, S w eden, G e rm a n y , H o llan d , B elgium , the U S , and C an ad a to discuss m o tio n s in g ro u p s of galaxies ran g in g from 2 to over 1000 m em b ers. In p re p a rin g a S u m m a ry of the C o n feren ce (p u b lish ed (1123), alo n g w ith th e 18 se p a ra te p a p e rs) he u sed ex cellen t ju d g e m e n t in selectin g th e m ajo r c o n trib u tio n s a n d p o in tin g o u t th e sta tistic a l pu zzles, m an y o f w h ic h rem a in to d ay . T h e S u m m a ry closes w ith th e a d m issio n th a t " m o re q u e stio n s have b een raised th a n s e ttle d " . T h a t w ell d e scrib es Je rz y N e y m a n : he raised q u e stio n s. Tidsskr. 20, . C o n trib u tio n to the discussion of the pap er by E. C. R hodes, 'T h e con stru ctio n of an index of b usiness a ctiv ity '. J l. R. statist. Soc. 100, 50-57. C o n trib u tio n to the discussion of the p ap er by 
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